Abstract
2 mesospheric NO suggests direct production by ~300 keV electron precipitation. 24 Simulations using the Sodankylä Ion and Neutral Chemistry model show that the delay 25 between thermospheric and mesospheric NO enhancements was primarily a result of the 26 weaker production rate at lower altitudes by ~300 keV electrons competing against strong 27 day-time losses. 28
Introduction

29
The odd nitrogen (NO x ) species nitric oxide (NO) and nitrogen dioxide (NO 2 ) are 30 produced in the middle atmosphere by precipitating energetic electrons and protons 31 [Brasseur and Solomon, 2005] . In the thermosphere and upper mesosphere NO x exists 32 mainly as NO but below 70 km conversion to NO 2 occurs [Solomon et al., 1982] . The 33 chemical lifetime of NO in the sunlit mesosphere and lower thermosphere is typically one 34 day [Solomon et al., 1999] although between 55 km and 85 km the lifetime may be as 35 short as one hour [Shimazaki, 1983] . In darkness NO x is much longer lived and can be 36 transported downward by the polar vortex at high latitudes during winter [Siskind et al., 37 2000]. Atmospheric circulation models and re-analysis meteorological data have 38 indicated that changes in ozone abundance due to NO x arising from energetic particle 39 precipitation can affect polar surface temperatures by as much as 4 K [Rozanov et 
Microwave Radiometer Experimental Setup
63
The microwave radiometer used in this study has been described previously [Espy et POES satellites at 60°<Λ<65° (Figure 2(b) ). 
